Minimal walking technicolor models can provide a nontrivial solution for cosmological dark matter, if the lightest technibaryon is doubly charged. Technibaryon asymmetry generated in the early Universe is related to baryon asymmetry and it is possible to create excess of techniparticles with charge (−2). These excessive techniparticles are all captured by 4 He, creating techni-O-helium tOHe "atoms", as soon as 4 He is formed in Big Bang Nucleosynthesis. The interaction of techni-O-helium with nuclei opens new paths to the creation of heavy nuclei in Big Bang Nucleosynthesis.
I. INTRODUCTION
The question of the existence of new quarks and leptons is among the most important in the modern high energy physics. This question has an interesting cosmological aspect. If these quarks and/or charged leptons are stable, they should be present around us and the reason for their evanescent nature should be found.
C is the charge conjugate matrix and the Greek indices denote technicolor states. For simplicity in our notation we omit the contraction of Dirac and technicolor indices. Since the techniquarks are in the adjoint representation of the SU(2), there are three technicolor states. The UD and DD have similar Dirac and technicolor structure. The pions and kaons which are the Goldstone bosons in QCD carry no baryon number since they are made of pairs of quark-antiquark. However in our case, the six Goldstone bosons carry technibaryon number since they are made of two techniquarks or two anti-techniquarks. This means that if no processes violate the technibaryon number, the lightest technibaryon will be stable.
The electric charges of UU, UD, and DD are given in general by y + 1, y, and y − 1 respectively, where y is an arbitrary real number. For any real value of y, gauge anomalies are cancelled [20] . The model requires in addition the existence of a fourth family of leptons, i.e. a "new neutrino" ν ′ and a "new electron" ζ in order to cancel the Witten global anomaly.
Their electric charges are in terms of y respectively (1−3y)/2 and (−1−3y)/2. The effective theory of this minimal walking technicolor model has been presented in [19, 25] .
There are several possibilities for a dark matter candidate emerging from this minimal walking technicolor model. For the case where y = 1, the D techniquark (and therefore also the DD boson) become electrically neutral. If one assumes that DD is the lightest technibaryon, then it is absolutely stable, because there is no way to violate the technibaryon number apart from the sphalerons that freeze out close to the electroweak scale. This scenario was studied in Refs. [19, 20] . It was shown that DD can provide the full dark matter density if its mass is of the order of TeV. The exact value of the mass of DD depends on the temperature where sphalerons freeze out, and on the ratios L/B and L ′ /B, where L and L ′ are the lepton number and the lepton number of the fourth lepton family respectively, and B is the baryon number. However, this scenario is ruled out by the CDMS experiment, if DD accounts for 100% of the dark matter density. The reason is that since DD has a Spin Independent (SI) interaction with nuclei, it can scatter coherently in underground dark matter detectors, raising the elastic cross section. Such a cross section is already excluded by CDMS, if we accept that the local dark matter density ranges between 0.2 − 0.4 GeV/ cm 3 .
However, if DD is a subdominant component, contributing up to 20% of the total dark matter density, it cannot yet be ruled out.
Within the same model and electric charge assignment, there is another possibility. Since both techniquarks and technigluons transform under the adjoint representation of the SU (2) group, it is possible to have bound states between a D and a technigluon G. The object D α G α (where α denotes technicolor states) is techni-colorless. If such an object has a Majorana mass, then it can account for the whole dark matter density without being excluded by CDMS, due to the fact that Majorana particles have no SI interaction with nuclei and their non-coherent elastic cross section is very low for the current sensitivity of detectors [26] .
We should emphasize that nonzero Majorana mass means that the technibaryon number is not protected, as in the previous case. For this scenario to be true, the bound state of DG should be lighter than DD. The lack of tools in order to study the spectrum of the theory makes hard to decisively conclude if this is true. Lattice calculations have difficulties to study objects like DG and evidently perturbation techniques cannot apply. However, in studies of Super Yang Mills models with supersymmetry softly broken, it has been argued that a Majorana mass for the gluino makes the λG (λ being the gluino) lighter than the λλ [27] . If we transfer directly these results in our case, it would mean that DG is lighter than DD as long as D has a Majorana mass. Of course this argument can be only taken as an indication, since the considered walking technicolor model is not supersymmetric and because D in principle has also a Dirac mass. On the other hand, if the Majorana mass is zero, the above argument cannot be applied. In this case it is more natural to expect that DD (or UU and UD), which is a Goldstone boson, is the lightest technibaryon. That might imply that DG is unstable.
Finally, if one choose y = 1/3, ν ′ has zero electric charge. In this case the heavy fourth Majorana neutrino ν ′ can play the role of a dark matter particle. This scenario was explored first in [28] and later in [26] . It was shown that indeed the fourth heavy neutrino can provide the dark matter density without being excluded by CDMS [29] or any other experiment.
This scenario allows the possibility for new signatures of weakly interacting massive particle annihilation [30] .
In this paper we study a case that resembles mostly the first one mentioned above, that is y = 1 and the Goldstone bosons UU, UD, and DD have electric charges 2, 1, and 0 respectively. In addition for y = 1, the electric charges of ν ′ and ζ are respectively −1 and −2. We are interested in the case where stable particles with −2 electric charge have substantial relic densities and can capture 4 He ++ nuclei to form a neutral atom. There are three possibilities for this scenario. The first one is to have a relic density ofŪŪ , which has −2 charge. For this to be true we should assume that UU is lighter than UD and DD and no processes (apart from electroweak sphalerons) violate the technibaryon number.
The second one is to have abundance of ζ that again has −2 charge and the third case is to have bothŪŪ (or DD orDD) and ζ. For the first case to be realized, UU although charged, should be lighter than both UD and DD. This can happen if one assumes that there is an isospin splitting between U and D. This is not hard to imagine since for the same reason in QCD the charged proton is lighter than the neutral neutron. Upon making this assumption, UD and DD will decay through weak interactions to the lightest UU. 
III. THE EXCESS OF THE −2 CHARGED TECHNI-PARTICLES IN THE EARLY

UNIVERSE
The calculation of the excess of the technibaryons with respect to the one of the baryons was pioneered in Refs. [31, 32, 33] . In this paper we calculate the excess ofŪŪ and ζ along the lines of [20] . The technicolor and the Standard Model particles are in thermal equilibrium as long as the rate of the weak (and color) interactions is larger than the expansion of the Universe. In addition, the sphalerons allow the violation of the technibaryon number T B, B, L, and L ′ as long as the temperature of the Universe is higher than roughly Λ EW .
It is possible through the equations of thermal equilibrium, sphalerons and overall electric neutrality for the particles of the Universe, to associate the chemical potentials of the various particles. Following [20] , we can write down the B, T B, L and L ′ as
where µ uL , µ W , µ ν ′ , µ U U are respectively the chemical potentials of the left handed up quark, W , ν ′ , and UU. µ is the sum of the chemical potentials of the three left handed neutrinos and the σ α parameters denote statistical factors for the species α defined as
where m α is the mass of α and T * is the freeze out temperature for the sphaleron. In the derivation we have assumed for simplicity that the mass of ν ′ and ζ are very close, so σ ν ′ ≈ σ ζ , and that the Standard Model particles are massless at T > Λ EW . The sphaleron processes and the condition of the overall electric neutrality impose two extra conditions on the chemical potentials [20] 9µ uL + 3 2
where µ 0 is the chemical potential of the Higgs boson. Using Eqs. (1), (2), (3), (4), (7), and 
For the derivation of the above ratio, we have assumed that the electroweak phase transition is of second order, which means that the sphalerons processes freeze out at a temperature slightly lower than the electroweak phase transition. For this reason we have taken µ 0 = 0, since the chemical potential of the Higgs boson in the broken phase should be zero. The calculation in the case of first order phase transition is slightly different, but the results are very similar to the ones of the second order [20] . Furthermore, we have assumed that the mass differences among UU, UD, and DD are not large and therefore we have made the
In principle we do not have to make this approximation.
The ratio (9) would look a bit more complicated but it would not change our physical conclusions. The mass differences among UU, UD, and DD depend on the isospin splitting of the two techniquarks U and D. However, if the splitting is not large, as in the case between up and down quarks in QCD, the mass differences among UU, UD, and DD are small compared to the electroweak energy scale and consequently our approximation is justified. We should emphasize two points regarding the ratio (9). The minus sign in the right hand side denotes the fact that if the quantity inside the parenthesis is positive, there is an abundance of anti-technibaryons and not technibaryons. In the first case that we investigate, where UU is lighter than UD and DD, an abundance ofŪŪ will provide the charge −2 particles that capture the positively charged nucleus of helium in order to form the neutral dark matter atom. The second point is that (9) seems to diverge if we take the limit where the mass of the ζ and ν ′ becomes infinite. In that case σ ζ → 0 and the ratio diverges. However, L ′ as seen in (4) depends linearly on σ ζ and therefore in the limit where the mass of the ζ is very large L ′ → 0, unless µ ν ′ → ∞, which is something unnatural. As we mentioned already there are three different cases that we investigate separately regarding the production of dark matter. The first case is whenŪŪ is the −2 charged particle that will bind with helium to form neutral atom.
A. The case ofŪŪ
In this case,ŪŪ is the source of −2 charge particles. The ratio of dark matter produced by the neutral bound state of ( 4 He ++ (ŪŪ ) −− ) over the baryon matter is
where m o is the mass of the "dark matter atom", which is approximately the mass ofŪŪ plus 4 GeV (the mass of helium) and m p is the mass of the proton. In Fig. (1) we show the ratio Ω T B /Ω B as a function of the mass m of theŪŪ for several values of the parameter ξ and T * (the sphaleron freeze out temperature). The parameter ξ is defined as
We should emphasize here that there are two options regarding the new leptons ν ′ and ζ.
If ζ is the lightest between the two and below the electroweak scale no processes violate L ′ , then ζ will contribute to the relic density of −2 charge particles that bind with helium. We study this case later in subsection C. If ν ′ is lighter than ζ, nonzero L ′ could create problems to our model because we have relic density of charged −1 particles. Therefore, we are forced to assume that L ′ = 0. This is a plausible assumption if one allows mixing between ν ′ and Standard Model leptons, because in that case ν ′ will decay to lighter leptons and L ′ = 0.
Upon making this assumption, i.e.
In the left panel of Fig. (1) we have chosen T * = 150 GeV and several values of ξ ranging from 0.1 to 3. In principle ξ can take any positive real value. However, it is logical to assume that the ratio L/B should be around unity. In fact leptogenesis scenarios support a ratio of L/B = 1. However, since currently it is not possible to know from observations what is the relic density of the light neutrinos (or antineutrinos), L/B can be also negative. As it can be seen from the figure, the smaller the value of ξ, the lighter becomes the desiredŪŪ that can give the dark matter density. For ξ = 0, the excess of technibaryons becomes zero within our approximation. We have plotted several values of ξ, namely ξ = 0.1, 1, 4/3, 2 and 3. In particular, the value ξ = 4/3 corresponds to L = B. We should stress at this point that for our model to work, ξ should be positive. A negative value of ξ would mean that there is an excess for UU (and notŪŪ), which is positively charged and being bound with ordinary electrons plays a role of an anomalous helium isotope, severely restricted in experimental searches. 
In this subsection we investigate the case where ζ is the source of −2 charge particles that can be captured by 4 He. For this to be true, ζ must be lighter than ν ′ and after sphalerons have frozen out, no other processes should violate L ′ . The term inside the parenthesis of (12) should be negative in order to have abundance of ζ and not anti-ζ. This probably means that a negative ratio L/B is needed. As we mentioned earlier, for our model to be realized, only abundance of −2 charged or neutral particles is accepted. Abundance of charged particles with different charges would cause a serious problem [5, 6, 7, 8, 10, 13] . We study the case where we have abundance for both technibaryons and ζ in the next subsection. Here, we look at the case where T B = 0. This can be realized if below the electroweak scale, ETC processes that violate T B exist. In such a case, the lightest technibaryon will decay to lighter Standard Model particles and as a result T B = 0. If T B = 0, the dark matter density that ζ can provide is given by
where m o in this case is the mass of ζ plus the 4 GeV mass of 4 He. (5) and (6) respectively, for m > 500
GeV (with T * = 150 GeV), the two parameters are approximately equal.
C. The case of ζ plusŪŪ or DD orDD
The last case we investigate is the one where below the T * temperature no processes violate T B and L ′ . This means that the lightest technibaryon and the lightest fourth family lepton are stable objects. In particular, we assume that ζ is lighter than ν ′ . As for the technibaryons there are two options. The first one is to have DD as the lightest technibaryon. In this case, dark matter will be composed of a mixture of neutral DD orDD and bound 
The contribution of technibaryon is
where m T B is the mass of the lightest technibaryon (plus 4 GeV). We have taken the absolute value of T B because if we have abundance of DD, T B is positive, but forŪŪ orDD, T B is negative. Similarly by using (12) , the contribution of ζ is
where m ζ is the mass of the ζ (plus 4 GeV). The term inside the absolute brackets should be negative, because we want to have abundance of ζ and not anti-ζ. Therefore we have to impose the condition
Using the above equations we can rewrite Eq. (14) in a more convenient form
where x denotes the fraction of dark matter given by the techibaryon. Again, the term inside the absolute brackets should be negative. If the excessive technibaryon is the DD, the above equation should be taken by choosing the plus sign for the term that has ±. If UŪ orDD is the excessive particle, then the term should be taken with the minus sign.
We first investigate the case of DD mixing. If DD accounts for a component of x100% of the dark matter density, we can express the ratio L/B as a function of x and the masses of ζ and DD. In particular,
where
. If m ζ is close to m T B , then z = 1 (provided that the masses are larger than 350 GeV, if T * = 150 GeV). The study of DD as a dark matter candidate in [20] revealed that DD cannot account for 100% of dark matter density. If we accept that the local dark matter density in the vicinity of the earth is between 0.2−0.4 GeV/ cm 3 , then with the current exposure of the detectors in CDMS, DD has been ruled out if composes 100% of the dark matter due to its large cross section. However, depending on the mass of DD and the local dark matter density, DD can be a component of dark matter up to 20 − 30% without being excluded by CDMS. This means that in Eq. (19), x should be 0 < x < 0.3. In Fig. (2) , we plot the value of L/B as a function of m ζ (for z = 1) and x (the fraction of dark matter provided by DD), in order the dark matter to be a mixture of x DD and 1 − x of ( 4 He ++ ζ −− ). There are three points we would like to stress here. First, it is obvious that the limit x = 0 corresponds to the case we studied in the previous subsection.
Second, as it can be seen from Fig. (2) , L/B gets a large negative value very fast as m ζ increases beyond 1 − 1.5 TeV. This is something probably unnatural since it is expected that L/B should be of order unity. Third, we see that as x increases, L/B becomes more negative for constant m ζ . This is because T B is positive and therefore L/B is forced to be more negative in order to get a relic density of ζ. We should also emphasize that if DD is as low as 200 GeV, then the CDMS constraint becomes tougher. Taking the strict constraint, for low mass for DD, x should be less than 0.1 or even 0.05.
We turn now to the case where T B is negative. This means that the excessive technibaryon is eitherDD orŪŪ according to which one is lighter. We can express as before L/B
In the right panel of Fig. (2) we show again the projected value of L/B in terms of the mass m ζ and the fraction x ofDD orŪŪ . We plot x from 0 to 1. The CDMS constraints apply for theDD, but not forŪŪ . This means that if the technibaryon isDD, x should be at most 0.3. From the figure we see that in order L/B to be of order unity, a mass for ζ and UŪ between 1 − 2 TeV is needed. Again, the limits x = 0 and x = 1 were studied in the previous subsections and correspond to the cases of having purely ( 4 He ++ ζ −− ) or purely
The case where both UU and ζ are stable techniparticles, offers another possible dark matter scenario. Positively charged UU ++ and negatively charged ζ −− can form "atoms"
(ζ −− UU ++ ), which behave as cold dark matter species. It resembles the A −− C ++ dark matter atoms of the AC-model [13, 14] . However, as it took place in the AC-cosmology, the existence of +2 charge species, which remain free after all the stages of their binding with −2 charge species and 4 He, has a potential danger of anomalous He overproduction.
The solution found in the AC-model [13, 14] Due to strong technicolor interactions, the T B excess ofŪŪ suppresses strongly the primordial abundance of the positively charged UU [34] . However in the case of weakly interacting ζ (in the full analogy with the cases of tera-leptons [10] or AC-leptons [13] ), its excess does not guarantee a suppression of the corresponding positively charged antiparticles ζ. The stages of cosmological evolution resulting in virtually complete elimination of the primordialζ are stipulated in Appendix 2.
IV. THE CAPTURE OF THE CHARGED TECHNIPARTICLES BY 4 He
In the Big Bang nucleosynthesis, 4 He is formed with an abundance r He = 0.1r B = 8·10
and, being in excess, binds all the negatively charged techni-species into atom-like systems.
Since the electric charge ofŪŪ (and ζ) is −2, neutral "atoms" are formed, and ( 4 He ++ ζ −− )
"atoms" catalyze effectively the (ζζ) binding and annihilation. It turns out [13] , that the electromagnetic cascades from this annihilation cannot influence the light element abundance and the energy release of this annihilation takes place so early that it does not distort the CMB spectrum.
At a temperature
He α 2 m He /2 ≈ 1.6 MeV, where α is the fine structure constant, and Z T C = −2 stands for the electric charge ofŪŪ and/or of ζ, the reaction
and/or
can take place. In these reactions neutral techni-O-helium "atoms" are produced. The size of these "atoms" is [5, 13] 
and it can play a nontrivial catalyzing role in nuclear transformations. This aspect needs special thorough study, but some arguments, which we present below following [13] , suggest that there should not be contradicting influence on the primordial element abundance.
For our problem another aspect is also important. The reactions (21) , and (22) can start only after 4 He is formed, which happens at T < 100 keV. Then, inverse reactions of ionization by thermal photons support Saha-type relationships between the abundances of these "atoms", free −2 charged particles, 4 He and γ: Therefore the antiparticleζ can annihilate through formation of positronium, such as (Heζ) +ζ → (ζζ annihilation products) + 4 He.
A. 4 He capture of free negative charges
At a temperature T ≤ T rHe , when the reactions of (21), and (22) dominate, the decrease of the free A −− abundance due to formation of ( 4 He ++ A −− ) is governed by the equation 
The solution of Eq. (26) is given by [13] r A = r A0 exp (−r He J He ) = r A0 exp −1.28 · 10 4 , where
x f He = 1/27 is the value of T /I o where the equilibrium abundance of free charged techniparticles is frozen out and the photodestruction of their atom like bound states with He does not prevent recombination, and m P l is the Planck mass. Thus, virtually all the free A −− are trapped by helium and their remaining abundance becomes exponentially small.
For particles Q − with charge −1, as for tera-electrons in the sinister model [9] , 4 He trapping results in the formation of a positively charged ion ( 4 He ++ Q − ) + , result in dramatic over-production of anomalous hydrogen [10] . Therefore, only the choice of −2 electric charge for stable techniparticles makes it possible to avoid this problem. In this case, 4 He trapping leads to the formation of neutral OLe-helium "atoms" ( 4 He ++ A −− ), which can catalyze the complete elimination of primordial positively charged anti-technileptons.
B. Complete elimination of antiparticles by techni-O-helium catalysis
For large m ζ 1 , the primordial abundance of antiparticlesζ is not suppressed. The presence of techni-O-helium ( 4 He ++ ζ −− ) in this case accelerates the annihilation of these antiparticles through the formation of ζ-positronium. Similar to the case of tera-particles considered in [10] and AC-leptons considered in [13] , it can be shown that the products of annihilation cannot cause a back-reaction, ionizing techni-O-helium and suppressing the catalysis.
Indeed, energetic particles, created in (ζζ) annihilation, interact with the cosmological plasma. In the development of the electromagnetic cascade, the creation of electron-positron pairs in the reaction γ + γ → e + + e − plays an important role in astrophysical conditions (see [35, 36, 45] for a review). The threshold of this reaction puts an upper limit on the energy of the nonequilibrium photon spectrum in the cascade
where the factor a = ln (15Ω B + 1) ≈ 0.5 [13] .
1 From now on m ζ represents the mass of ζ and not the mass of ζ plus 4 GeV. 
The decrease of the antiparticle abundance rζ is described by
where x = T /I o , r Heζ = r ζ , σv is given by Eqs. (29) at T > T a and (30) at T < T a . The solution of this equation is given in [13] and has the form
where r fζ is the frozen concentration ofζ and 
provided that the masses of the initial and final nuclei satisfy the energy condition • On the path of reactions (34), the final nucleus can be formed in the excited (α, M(A, Z)) state, which can rapidly experience an α-decay, giving rise to techni-Ohelium regeneration and to an effective quasi-elastic process of ( 4 He ++ A −− )-nucleus scattering. It leads to a possible suppression of the techni-O-helium catalysis of nuclear transformations.
• The path of reactions (34) • The cross section of reactions (34) grows with the mass of the nucleus, making the formation of the heavier elements more probable and moving the main output away from a potentially dangerous Li and B overproduction.
The first publications on possible realistic composite dark matter scenarios [5, 13] gave rise to the development of another aspect of the problem, the Charged massive particles BBN (CBBN), studying the influence of unstable negatively charged massive particles in BBN [37, 38, 39, 40, 41, 42] . The important difference of CBBN considered in these papers, from our approach, is that singly charged particles X − with charge −1 do not screen the +2 charge of He in a (HeX) + ion-like bound system, and the Coulomb barrier of the (HeX) + ion can strongly hamper the path for the creation of isotopes, heavier than 6 Li. Therefore, 6 Li created in the D + (HeX) reaction cannot dominantly transform into heavier elements and if not destructed by X-decay products, it should remain in the primordial chemical content. It makes the 6 Li overproduction found in [37] a really serious trouble for a wide range of parameters for unstable X particles.
It should be noted that the approach of [37] is not supported by [39] . Moreover, we can mention the following effects [13] , missed in its solution for the 7 Li problem: (i) the competitive process of 7 Li creation by a similar mechanism in the reaction 3 H +(HeX) + with tritium and (ii) the effects of non-equilibrium nucleosynthesis reactions, induced by hadronic and electromagnetic cascades from products of X decays. The latter effect, which was discussed in [39] , implies a self-consistent treatment based on the theory of non-equilibrium cosmological nucleosynthesis [43, 44, 45] (see also [46, 47, 48, 49] ). Both effects (i) and (ii)
were not studied in [37] .
The amount of techni-O-helium in our scenario formally exceeds by a few orders of magnitude the constraint n X /s ≤ 10 −17 , derived for concentration n X of metastable X − particles in the units of entropy density s in Eq. (10) of [37] . However, it should be noted that this constraint is not valid for our case if the binding energy I o = 1589 keV of techni-O-helium is taken into account. According to [39] , this approximation is valid for 0 < ZZ T C αM Z R Z < 1,
is the size of nucleus, which is the case for the (HeA) atom.
Then the D + (HeA)− > 6 Li + A reaction, which the constraint is based on, does not occur.
This reaction can take place only if the account for charge distribution in the He nucleus [37] reduces the binding energy of (HeA) down to E = 1200 keV or E = 1150 keV as discussed in [13] . Then this channel becomes possible, but similar to the case of tritium, the chain of techni-O-helium transformations (34), started from deuterium does not stop on and of the formation of a ( 8 BeA −− ) system, discussed in [13] as potential dangers for our approach. Though the above arguments do not seem to make these dangers immediate and obvious, a detailed study of this complicated problem is needed.
V. TECHNI-O-HELIUM UNIVERSE
A. Gravitational instability of the techni-O-helium gas
Due to nuclear interactions of its helium constituent with nuclei in cosmic plasma, the techni-O-helium gas is in thermal equilibrium with plasma and radiation on the Radiation Dominance (RD) stage, and the energy and momentum transfer from the plasma is effective.
The radiation pressure acting on plasma is then effectively transferred to density fluctuations of techni-O-helium gas and transforms them in acoustic waves at scales up to the size of the horizon. However, as it was first noticed in [5] , this transfer to heavy nuclear-interacting species becomes ineffective before the end of the RD stage and such species decouple from plasma and radiation. Consequently, nothing prevents the development of gravitational instability in the gas of these species. This argument is completely applicable to the case of techni-O-helium.
At temperature T < T od ≈ 45S
2/3 2 eV, first estimated in [5] for the case of OLe-helium, the energy and momentum transfer from baryons to techni-O-helium is not effective because n B σv (m p /m o )t < 1, where m o is the mass of the tOHe atom and S 2 = mo 100 GeV . Here
and v = 2T /m p is the baryon thermal velocity. The techni-O-helium gas decouples from the plasma and plays the role of dark matter, which starts to dominate in the Universe at
The development of gravitational instabilities of the techni-O-helium gas triggers large scale structure formation, and the composite nature of techni-O-helium makes it more close to warm dark matter.
The total mass of the tOHe gas with density
ρ tot within the cosmological horizon
In the period of decoupling T = T od , this mass depends strongly on the techniparticle mass S 2 and is given by
where M ⊙ is the solar mass. The techni-O-helium is formed only at T rHe and its total mass within the cosmological horizon in the period of its creation is
On the RD stage before decoupling, the Jeans length λ J of the tOHe gas was of the order of the cosmological horizon λ J ∼ l h ∼ t. After decoupling at T = T od , it falls down to The cross section of mutual collisions of techni-O-helium "atoms" is given by Eq. (36).
The tOHe "atoms" can be considered as collision-less gas in clouds with a number density n o and a size R, if n o R < 1/σ o . This condition is valid for the techni-O-helium gas in galaxies.
Mutual collisions of techni-O-helium "atoms" determine the evolution timescale for a gravitationally bound system of collision-less tOHe gas
where the relative velocity v = GM/R is taken for a cloud of mass M o and an internal number density n. This timescale exceeds substantially the age of the Universe and the internal evolution of techni-O-helium clouds cannot lead to the formation of dense objects.
Being decoupled from baryonic matter, the tOHe gas does not follow the formation of baryonic astrophysical objects (stars, planets, molecular clouds...) and forms dark matter halos of galaxies.
B. Techniparticle component of cosmic rays
The nuclear interaction of techni-O-helium with cosmic rays gives rise to ionization of this bound state in the interstellar gas and to acceleration of free techniparticles in the Galaxy.
During the lifetime of the Galaxy t G ≈ 3 · 10 17 s, the integral flux of cosmic rays
can disrupt the fraction of galactic techni-O-helium ∼ F (E > E min )σ o t G ≤ 10 −3 , where we took E min ∼ I o . Assuming a universal mechanism of cosmic ray acceleration, a universal form of their spectrum, taking into account that the 4 He component corresponds to ∼ 5% of the proton spectrum, and that the spectrum is usually reduced to the energy per nucleon, the anomalous low Z/A −2 charged techniparticle component can be present in cosmic rays
This flux may be within the reach for PAMELA and AMS02 cosmic ray experiments.
Recombination of free techniparticles with protons and nuclei in the interstellar space can
give rise to radiation in the range from few tens of keV -1 MeV. However such a radiation is below the cosmic nonthermal electromagnetic background radiation observed in this range.
C. Effects of techni-O-helium catalyzed processes in the Earth
The first evident consequence of the proposed excess is the inevitable presence of tOHe in terrestrial matter. This is because terrestrial matter appears opaque to tOHe and stores all its in-falling flux.
If the tOHe capture by nuclei is not effective, its diffusion in matter is determined by elastic collisions, which have a transport cross section per nucleon
In atmosphere, with effective height L atm = 10 6 cm and baryon number density n B = 6 · 10 20 cm −3 , the opacity condition n B σ tr L atm = 6 · 10 −1 /S 2 is not strong enough. Therefore, the in-falling tOHe particles are effectively slowed down only after they fall down terrestrial surface in 16S 2 meters of water (or 4S 2 meters of rock). Then they drift with velocity Near the Earth's surface, the techni-O-helium abundance is determined by the equilibrium between the in-falling and down-drifting fluxes. It gives
. This number density corresponds to the fraction
relative to the number density of the terrestrial atoms n A ≈ 10 23 cm −3 .
These neutral ( 4 He ++ A −− ) "atoms" may provide a catalysis of cold nuclear reactions in ordinary matter (much more effectively than muon catalysis). This effect needs a special and thorough investigation. On the other hand, if A −− capture by nuclei, heavier than helium, is not effective and does not lead to a copious production of anomalous isotopes, the ( 4 He ++ A −− ) diffusion in matter is determined by the elastic collision cross section (39) and may effectively hide techni-O-helium from observations. of number density of anomalous isotopes to the number density of atoms of terrestrial matter around us, which is below the experimental upper limits for elements with Z ≥ 2. For comparison, the best upper limits on the anomalous helium were obtained in [50] . It was found, by searching with the use of laser spectroscopy for a heavy helium isotope in the Earth's atmosphere, that in the mass range 5 GeV -10000 GeV, the terrestrial abundance (the ratio of anomalous helium number to the total number of atoms in the Earth) of anomalous helium is less than 2 · 10 −19 -3 · 10 −19 .
D. Direct search for techni-O-helium
It should be noted that the nuclear cross section of the techni-O-helium interaction with matter escapes the severe constraints [24] on strongly interacting dark matter particles (SIMPs) [23, 24] imposed by the XQC experiment [51] .
In underground detectors, tOHe "atoms" are slowed down to thermal energies and give rise to energy transfer ∼ 2.5 · 10 −3 eVA/S 2 , far below the threshold for direct dark matter detection. It makes this form of dark matter insensitive to the CDMS constraints. However, tOHe induced nuclear transformation can result in observable effects.
Therefore, a special strategy of such a search is needed, that can exploit sensitive dark matter detectors on the ground or in space. In particular, as it was revealed in [53] , a few g of superfluid 3 He detector [52] , situated in ground-based laboratory can be used to put constraints on the in-falling techni-O-helium flux from the galactic halo.
VI.
DISCUSSION
In this paper we explored the cosmological implications of a walking technicolor model with doubly charged technibaryons and technileptons. The considered model escapes most of the drastic problems of the Sinister Universe [9] , related to the primordial 4 He cage for −1 charge particles and a consequent overproduction of anomalous hydrogen [10] . These To avoid overproduction of anomalous isotopes, an excess of −2 charged techniparticles over their antiparticles should be generated in the Universe. In all the previous realizations of composite dark matter scenarios, this excess was put by hand to saturate the observed dark matter density. In our paradigm, this abundance of techibaryons and/or technileptons is connected naturally to the baryon relic density.
A challenging problem that we leave for future work is the nuclear transformations, cat- To conclude, walking technicolor cosmology can naturally resolve most of problems of composite dark matter. Therefore, the model considered in this paper with stable −2 charged particles might provide a realistic physical basis for a composite dark matter scenario.
